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Abstract-Two new pyranodihydrobenzoxanthones have been isolated from the bark of Artocarpus nobilis and their 
structures established as 5,6,1 l-trihydro-1,3,4,8-tetrahydroxy-5-isopropenyl-l1,1 1-dimethylbenzo[1,2:u]pyrano 
[2’,3’: jlxanthene-7-one (artobiloxanthone) and 5,5a, 6,11-tetrahydro-1,3,8-trihydroxy-5,5, 11, 1 l-tetramethylbenzo- 
furo [3,3a,4:ab] pyrano [2’,3’q]xanthen-7-one (cycloartobiloxanthone). This is the first report of the occurrence of 
dihydrobenzoxanthones in plants. A plausible biosynthetic route is proposed for the benzoxanthones from a simple 
flavone. 

INTRODUCTION 

Artocarpus nobilis is the only endemic species of the genus 
Artocarpus belonging to the family Moraceae found in Sri 
Lanka. Earlier investigations of the species yielded sev- 
eral chromenoflavonoids [l]. In the present study three 
yellow pigments were isolated from the bark of A. nobilis, 
two of which were shown to contain a dihydrobenzoxan- 
thone moiety, the third compound artobilochromen (1) 
being a flavone found previously [l]. Although several 
prenylated flavonoids are known [Z], so far as we are 
aware, there is only one report [3] of the isolation of a 
benzoxanthone glucoside, dillanoside (2) from the fruits 
of Anethum graueolens L. (Umbelliferae). This is the first 
reported occurrence of dihydrobenzoxanthones in plants. 

RESULTS AND DISCUSSION 

The most polar compound of the three, artobiloxan- 
thone (3a), mp 162-164, on high resolution mass spec- 
trometry revealed a [M]’ m/z 434.1306 and analysed for 
the molecular formula C&H,,O,. The compound gave a 
bright yellow trimethyl ether (3b), [M]’ m/z 476.1837 
(C&H,,O,) with diazomethane which showed a down- 
field signal (6 13.30) for a chelated hydroxy group in the 
‘HNMR spectrum, while acetylation with acetic 
anhydride-pyridine yielded a tetra-acetate (3c) [M] + m/z 
602.1813 (C33H3,,011). The IR spectrum showed hydrox- 
yl and xanthone carbonyl absorptions at 3300 and 
1650 cm-‘, respectively [4]. Colour tests with iron (III) 
chloride (green) and magnesiumconc HCl (orange), to- 
gether with the characteristic UV spectral data indicated 
that the compound possesses a xanthonoid chromophore 
[4]. The presence of an or&o-dihydroxy system was 
revealed by the bathochromic shift (An 15 nm) in the UV 
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spectrum with NaOAc-H,BO, [S]. The pyranoxanthon- 
oid structure was confirmed by the ‘H NMR spectrum in 
acetone-d,. The superimposed singlets for the two 
chromen methyl groups at 61.40, together with the two 
doublets (J = 10 Hz), each due to olefinic protons at 66.92 
and 5.64, are characteristic of a 2,2-dimethyl chromene. 
This was supported by the base peak obtained in the mass 
spectrum of artobiloxanthone (3a) at m/z 419 [M-Me]+ 
[6]. A singlet was observed for the allylic methyl group at 
61.74 and two multiplets at 64.60 and 4.30 for the 
methylene protons suggesting the presence of an iso- 
propenyl group in the compound. The dihydro nature of 
the benzoxanthone was clearly shown by an ABX system 
at 63.94 (d,H, J = 8 Hz), 3.41 (dd, J = 2 and 16 Hz) and 
2.37 (dd, J = 8 and 16 Hz). This must have arisen by the 
oxidative cyclization of the isoprenyl unit with the highly 
nucleophilic B-ring, similar to that proposed for the 
neoflavonolignan, neohydnocarpin (5), where a luteolin 
moiety and a coniferyl alcohol moiety are linked by a 
C-C bond. [7]. This was supported by the presence of 
methine (6,38.2) and methylene (6,22.3) carbon atoms in 
the ‘%NMR spectrum of 3a (see Table 1). Aromatic 
protons in 3a appeared as two singlets at 66.57 and 6.10, 
the latter arising from H-6 as in 6-deoxyisojacareubin (6) 
which also possesses a dimethyl pyran ring and a hy- 
drogen bonded hydroxy group [S]. The high value of the 
other proton (H-3’) is attributed to the effect of the 
electron donating substituents in the B-ring [9]. The 
paramagnetic shifts [lo] of the chromen ring protons in 
the trimethyl ether (3b) and tetra-acetate (3c) and the 
negative Gibbs test [11] given by 3a are in agreement 
with the angular orientation of the dimethyl pyran ring 
(Table 2). As the Gibbs test can be capricious [12], 
spectrophotometric control was employed using several 
established compounds as references. The presence of 
ethylenic bonds was confirmed by reduction with Adam’s 
catalyst (PtO,) in ethyl acetate of artobiloxanthone (3a) 
to give the tetrahydro derivative. Reduction of the trim- 
ethyl ether (3b) with Pd-CaCO, in methanol did not 
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affect the propenyl double bond and gave a dihydro 
derivative of 3b. The orientation of the substituents as 
shown in 3a can be deduced as follows. The presence of 
two singlets for the two aromatic protons suggests that 
they are present in an isolated environment. Assignment 
of the chelated hydroxy group at C-5 and the presence of 
an angular chromen ring indicate that the other three 
hydroxyl groups in 3a are attributed to the B-ring. Two 
adjacent hydroxy groups are ascribed to the 4’ and 5’ 
position and the third hydroxy group becomes para to 5’ 
and assigned to the 2’-position, in accordance with the 
negative Gibb’s test [ll]. 

The mass spectra [ 131 of artobiloxanthone, its trim- 
ethyl ether and hydrogenated product were consistent 
with the assigned structure (see Scheme 1). The foregoing 
evidence, together with the 13C NMR data (Table 1) 
[14-l 71 indicate structure 3a for artobiloxanthone. 

The least polar yellow pigment, mp 285-287”, [M]’ 
m/z 434.1366 (high resolution) has the molecular formula, 
C,,H,,O,. It was also as isomeric diprenylated pentaoxy- 
genated dihydroxanthone and was named cycloartobil- 
oxanthone (4a). It gave a dimethyl ether (4b) with dia- 
zomethane and a triacetate (4c) indicating the presence of 
three phenolic groups, one of which is chelated (6 13.33) to 
a carbonyl group. The IR spectrum showed a hydroxy 
band (3400 cm- ‘) and conjugated carbonyl frequency 
(1650cm-I). 

4a RI = R’ = R3 = H 

4b RI.= H, R2 = R3 = Me 
4~ RI = Ra = R-’ = AC 

The ‘H NMR spectrum was similar to that of artobil- 
oxanthone (3a) but, with the absence of isopropenyl 
group signals. The olefinic doublets at 66.92 and 5.64 (J 
= 10 Hz) in acetone-d,, the superimposed two methyl 
groups at 6 1.47 (6H) together with the base peak at m/z 
419 [M-15]+ in the mass spectrum confirmed the 
presence of the 2,2-dimethylchromene ring [6]. The angu- 
lar orientation of the chromene ring was confirmed by the 
induced paramagnetic shifts [lo] as before (Table 2) and 
negative Gibb’s test [ 111. The aromatic protons appeared 
as singlets at 66.43 and 6.14 and the latter was assigned to 
H-6 as in artobiloxanthone (3a) and 6-deoxyisojacareu- 
bin (6) [S] which also showed an upfield shift in aromatic 
signals. The UV spectrum showed absorptions at i l:vH 
(log E) 235 (4.37), 282 (4.46), 333 sh (4.02) and 394 
(4.18) nm and the high intensity absorption in the long 
wave length region (Band I) was attributed to the maxi- 
mum conjugation of the B-ring with the chromone ring. 
This must be due to the co-planarity of these two rings as 
in cycloartocarpin (7) [2] and neohydnocarpin (5) [7]. In 
contrast to artobiloxanthone, the UV spectrum of cyc- 
loartobiloxanthone (4a) does not undergo a batho- 
chromic shift in the presence of NaOAc-H,BO, showing 
that, the hydroxyls are not orrho to each other [S]. The 
appearance of two singlets at 6 1.67 and 1.34 (3H each) in 
the ‘HNMR spectrum in addition to the ABX type of 
signals as before at 62.36 (t), 3.21 (dd) and 3.43 (dd) can be 
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Scheme 1. 

explained as due to the dihydrofuran ring, which could 
arise from artobiloxanthone (3a) by the oxidative cycliz- 
ation of the S-hydroxy group of the B-ring onto the 
isoprenyl side chain. This structure was confirmed by the 
formic acid cyclization of artobiloxanthone (3a) to yield 
cycloartobiloxanthone (4a) (16%). 

Furthermore, dehydrogenation of cycloartobiloxan- 
thone dimethyl ether (4b) with 2,3-dichloro-5,6-dicyano- 
1,4-benzoquinone (DDQ) in benzene, yielded pyranoben- 
zoxanthone (Sb). The ‘HNMR spectrum of 8b clearly 

revealed the appearance of a striking down field aromatic 
singlet at 67.74, in addition to the aromatic singlets at 
66.73, 6.30 and the downfield signal (613.10) for the 
chelated hydroxy group. The downfield singlet at 67.74 
must be due to the newly formed aromatic proton at H-l 1 
which is peri to the carbonyl group; the signals at 6 6.73 
and 6.30 are assigned to H-3’ and H-6, respectively. The 
UV spectrum of the pyranoxanthone (8b) exhibited a 
bathochromic shift (Ad 32 nm) in Band I, relative to that 
of the parent cycloartobiloxanthone dimethyl ether (4b), 
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Table 1. Assignments of I’CNMR 

signals of 1, 3a and 4a (in acetone-d,) 

C 1 3a 4a 

217 
3 

4 

5 
6 

712 
8 

9 

10 

11 

12 

13 
14 

15 

16 

17 

18 

19 

20 
1’ 

2 

3’ 

4’ 

5’ 

6’ 

161.4.~ 162.5 s 162.8 s 

104.3 d” 102.0 s 102.1 s 
182.4s 181.8s 181.9s 
152.2 s 152.6s 152.4 s 
100.7s 101.1 d 102.2d 
162.2 s 163.1 s 163.1 s 
99.1 d 107.3 s 105.2s 

158.9s 159.9s 158.6 s 
104.6s” 105.7s 105.2s 

23.8 f 22.3 t 20.5 t 
121.9d 38.2 d 47.7 d 
131.7s 137.1 s 93.9 s 
17.4 qb 112.2 t 22.9 q” 
25.5 q” 22.0 q 29.1 q” 

114.6d 116.4d 116.3 d 
127.9d 128.4d 128.2d 

78.2 s 78.8 s 78.9 s 

27.8 q 28.3 q 28.39 
27.8 q 28.39 28.3 q 

120.3 s 118.3s 113.0s 
149.2 sc 152.0 sa 151.9s 

109.8 s 104.0d 106.8 d 
149.0 SC 151.4sa 147.8 s 

138.5 s 145.7s 138.6 s 
1165d 130.3 s 134.0 s 

Table 2. Chemical shift differences (in CDCI,). 

H-lb H-17 H-6 H-3’ 

Methyl ether (3b) 6.85 5.55 6.23 6.54 
Acetate (3~) 6.92 5.72 6.50 7.13 

paru-magnetic shift (A&) -0.07 -0.17 -0.27 -0.59 

Methyl ether (4b) 6.85 5.58 6.26 6.40 

Acetate (4~) 6.85 5.72 6.50 6.14 
para-magnetic shift (A@ -0.00 -0.14 -0.24 -0.34 

indicating the extended conjugation in the molecule. The 
r3CNMR spectrum [14-171 is consistent with the pro- 
posed structure for cycloartobiloxanthone (4a) (Table 1). 

An alternative proposal for artobiloxanthone and cyc- 
loartobiloxanthone as 9 and 10, respectively, can be ruled 
out as follows. The chemical shifts of the ABX system of 
signals in the ‘H NMR spectrum of 3a and 4a has the X- 
type proton, which was simultaneously allylic and ben- 
zyhc shifted from 63.94 in 3a to 3.21 in 4a whilst the A,B 
type protons showed the expected correspondence in 3a 
and 4a (see Experimental). Structures 9 and 10 cannot 
have A,B type protons (H,,-12) unaffected when the 
isopropenyl side chain cychses with the hydroxy group to 
give the chroman ring in 10. Additionally. the mass 
spectral fragmentations [6, 181 are also in favour of a 
xanthonoid skeleton in 3a and 4a (see Scheme 1 for 3a) 
The pyranobenzoxanthone arising from an isotlavonoid 
chromophore to give 11 can also be dismissed by consid- 
ering both the UV spectral data and the down field 
aromatic proton signal at 67.74. This type of down field 
shift due to the deshielding effect of the carbonyl group 
has been extensively used in the assignment of xanthones 
[19-211. 

“-‘Values may be interchanged. (s- 
singlet, d-doublet, t-triplet and q-quar- 
tet refer to the appearance of the re- 

sonance in the single frequency off- 
resonance mode experiments). 

HO 0 

(3a) - (4a) - (8a) 

Scheme 2. 
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A feasible biosynthetic route for the formation of 
artobiloxanthone (3a) and cycloartobiloxanthone (4a) 
from a simple flavone (12) is suggested in Scheme 2. The 
epoxidation-dehydration mechanism is similar to that 
proposed for the biosynthesis of the rotenoid, amorphig- 
enin [22]. As artobiloxanthone (3a) and artobilochromen 
(1) have the same oxygenation pattern as the simple 
flavone (12), a biogenetic relationship between dihydro- 
benzoxanthones and flavones seems likely. 

EXPERIMENTAL 

Bark of A. nobilis Thw. was collected in the Kanneliya rain 
forest in the South of Sri Lanka. The bark was chipped, air-dried 

and powdered in a mill. Sequential extraction of the powdered 
bark (4.5 kg) was carried out using hot petrol, hot C,H, and hot 
MeOH. Weights of the extracts obtained were, petrol (48 g, 
l.l%), C,H, (98 g, 2.10%) and MeOH (150 g, 3.29%). The CsH, 
extracts (10 g) was triturated with CHCl,, filtered and the filtrate 
extracted with MeOH-H,O (1:9). Addition of n-hexane to the 
CHCI, soluble portion pptd a yellow solid (2.16 g, 0.46%). This 
was subjected to CC over silica gel, eluting with Me,CO-C,H, 
mixts. 

Cycloartobiloxanthone (4a). Elution with Me,CO-C,H, (1:9) 
yielded an orange semi-solid which was dissolved in C&H,. 
Addition of petrol pptd a yellow solid. This on further puritica- 
tion by prep. TLC in Me&O-C&H, (1:2) gave cycloartobiloxan- 
thone (4a) as a dark yellow solid, mp 285-287” (from 
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